OBJECTIVES: Anaemia is a frequent complication after cardiopulmonary bypass surgery. Iron therapy has been variably employed by medical centres over the years. In our study we test o test the clinical effectiveness of intravenous and oral iron supplementation in correcting anaemia, and its impact on blood transfusion requirements, in patients undergoing cardiopulmonary bypass surgery.
INTRODUCTION
Anaemia is a common postoperative disorder in cardiac surgery patients after cardiopulmonary bypass (CPB) [1] [2] [3] . Blood transfusion with red blood cells, which should be avoided whenever possible, is associated with complications [4] . Many strategies have been developed to minimize the need for blood transfusion, but transfusion requirements remain high (15-85%) [4, 5] .
Iron therapy has been variably employed by medical centres over the years, and this study redirects efforts to different pathways. Iron therapy is commonly used to reinforce the iron reserve to prevent anaemia after bleeding, but in cardiovascular surgery its use is controversial.
Iron supplementation is used to correct chronic anaemia in patients with renal failure and also in those with acute anaemia after surgical interventions [6, 7] .
Iron plays an essential role in erythropoiesis and haemoglobin (Hb) synthesis [7] . In this regard, 150 mg of stored iron is required to increase circulating Hb levels by 1 g/dl [8] .
The route of iron administration and also the type of iron preparation vary considerably. The effectiveness of oral iron supplementation is often limited by its gastrointestinal side effects (10-40%) and also by its low absorption rate (10-15%) [8] [9] [10] .
Recently, some authors have suggested a role for intravenous iron in correcting anaemia after orthopaedic and oncological surgery, and in renal and obstetrics patients [10] [11] [12] , but this remains controversial in cardiac surgery [13, 14] .
Parenteral iron supplementation offers excellent bioavailability and is usually well tolerated [9] . Intravenous iron gluconate, iron dextrane and iron sucrose (saccharate) have been associated with infrequent side effects such as hypotension, epigastric pain, arthralgia, metallic taste, nausea, vomiting and pruritus [10, 15] . Anaphylactic reactions have been reported after the administration of intravenous iron dextrane [15] . Venofer ® (iron(III)-hydroxide sucrose) is a new intravenous preparation with very few reported side effects [10, 11, 16] .
The main objective of this study was to compare the safety and efficacy of two strategies of intravenous and oral iron supplementation vs placebo to correct postoperative anaemia in cardiac surgery patients undergoing CPB. A secondary objective was to compare differences in blood transfusion needs between patients receiving intravenous and oral iron vs placebo in the postoperative period.
MATERIALS AND METHODS
The study was approved by our University Hospital Ethics Committee and conducted according to the Helsinki Declaration. We report this trial in accordance with the CONSORT statement.
Patients and study design
This was a 24-month prospective, randomized, double-blind, placebo-controlled, observational clinical trial in cardiac surgery patients undergoing CPB. Written informed consent was obtained from all the patients preoperatively.
Intent-to-treat patients were randomly assigned to one of three groups: Group I patients were treated pre-and postoperatively with Intravenous iron(III)-hydroxide sucrose complex (Venofer ® ; Uriach Lab.). Group II patients were treated pre-and postoperatively with oral ferrous fumarate. Group III patients were treated pre-and postoperatively with oral and intravenous placebo. Randomization was performed by the Hospital Research Unit using a computer-generated random numbers list.
Dosage
Group I: patients were treated with intravenous iron (III)-hydroxide sucrose complex (Venofer ® ; Uriach Lab.) received three doses of 100 mg of intravenous iron/24 h during pre-and postoperative hospitalization, and 1 pill/24 h of oral placebo during the same period and during 1 month after discharge. Group II: patients were treated with ferrous fumarate iron (105 mg of iron) 1 pill/24 h orally pre-and postoperatively and during 1 month after discharge, and intravenous placebo while hospitalized, following the same protocol. Group III: patients were treated with oral and intravenous placebo pre-and postoperatively following the same protocol.
Intravenous iron was diluted in 200 ml of isotonic saline solution and injected slowly over 1 h using a syringe pump. The intravenous placebo consisted of 200 ml of isotonic saline solution and was injected in the same way.
All medication, including placebo, was prepared by the Department of Pharmacy and assigned to patients according to the random numbers list, so neither the medical staff nor the patients knew what treatment was being used. All intravenous solutions were presented in disguised form.
Inclusion criteria were: patients older than 18 years of age, elective cardiac surgery under extracorporeal circulation (EC), without previous anaemia, susceptible to treatment, without preoperative blood transfusion, able to complete all study visits per protocol and providing written informed consent. Exclusion criteria were: elective cardiac surgery patients without EC, treatment with fibrinolytic therapy 48 h before CPB surgery, history of impaired renal function (creatinine clearance <50 ml/min), previous surgery for active endocarditis, redo-surgery patients, pregnant or lactating, signs of active gastrointestinal bleeding, vitamin B12 deficit, ferropenic anaemia, clinical history of asthma or allergy, active infection, included in another clinical study, hepatic disease, history of allergy to iron, unlikely to adhere to protocol follow-up, unable to comply with the study protocol.
Criteria for red blood cell transfusion
Low output syndrome associated with Hb level <8 g/dl in coronary patients or <7 g/dl in valve surgery patients.
Data collection
Baseline analytical data, and information on demographic variables, comorbid conditions and operative risks were collected preoperatively. Hb (g/dl) and haematocrit levels (%) were collected: (1) preoperatively, (2) at operation room, (3) at ICU admission, (4) at ICU discharge, (5) at postoperative hospital discharge and (6) at 1 month after hospital discharge. Reticulocyte counts (RCs) expressed as a percentage of the total erythrocyte count and serum ferritin concentrations (ng/ml) were obtained at Day 1 of enrollment and postoperatively, approximately at Day 10 and day 30 after hospital discharge.
Statistical analysis
Sample size. The study design included an intermediate analysis with an exploratory study sample size of 20 patients per group that allowed us to determine the approximate magnitude of the effect of iron supplementation on Hb levels. Finally, we analysed 54 patients in Group I, 53 in Group II and 52 in Group III.
Data analysis. Quantitative variables are reported as means and standard deviations. Qualitative variables are expressed as frequencies and percentages.
Proportions were compared with the χ 2 test or Fisher's exact test, as appropriate. The assumption of normality was tested with the Kolmogorov-Smirnov test.
The comparisons of Hb levels and RCs between groups were carried out with the ANOVA test. The comparisons of serum ferritin levels and transfusion requirements between groups were carried out with the Kruskal-Wallis test. We used median values with inter-quartile ranges (25th-5th percentiles) for red blood cell transfusion analysis.
All P-values <0.05 were considered statistically significant. Statistical analysis was performed using SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA) and LogXact v. 4.1 (Cytel Co., MA, USA).
RESULTS
Between May 2007 and May 2009, 210 patients were assessed for eligibility. Finally, 159 consenting patients were included and completed the protocol. The final sample consisted of 116 (73%) men and 43 (27%) women, mean age 65 ± 11 years old. Figure 1 shows the consort flow chart.
The three groups showed no significant differences in demographic or clinical characteristics, baseline laboratory data or operative risks (Table 1 for details) .
No side effects were noted in the groups that received iron supplementation. Table 2 shows repeated measures of Hb, immature reticulocyte fraction (IRF), RC and serum ferritin levels at different time intervals at 1, 10 and 30 days after discharge. Hb levels through the postoperative period were similar in the three groups. Within groups, serum ferritin levels increased at Day 10 compared with Day 1, but then decreased at discharge (Table 2) .
A significant increase in IRF was observed in Group I compared with Groups II and III. In all groups, RC increased initially in the postoperative period and then decreased, returning to baseline values by Day 30 after discharge; there were no Figure 1 : Consort flow chart of the study. (Table 2) .
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Regarding transfusion requirements, we found no differences between groups in the mean number of blood units transfused or the number of patients transfused (Table 3 ). Nevertheless, Group I patients under 75-year old needed fewer blood units per patient in the ICU (0.48 ± 1.07) compared with Group III patients of the same age group 1.15 ± 1.86 (P = 0.003).
No differences were found between the three groups in requirement for the transfusion (P = 0.70; Table 3 ).
Finally, no difference were found in Hb between groups at discharge analysing separately patients with (P = 0.96) and without blood transfusion (P = 0.71).
DISCUSSION
The main findings of the present study were that the administration of oral or intravenous iron did not significantly increase Hb levels, from the preoperative period to 1 month post-discharge. Nor did it reduce blood transfusion requirements.
This means that early postoperative treatment with intravenous iron does not appear to accelerate early recovery from postoperative anaemia after cardiac surgery. These findings are consistent with those of previously published studies [13, [16] [17] [18] .
We found no important adverse effects or benefit in Group II (oral iron), in accordance with other studies [19] . However, Sowade et al. [20] showed that intravenous erythropoietin (EPO) in combination with oral FE 2+ given 14 days before surgery increases Hb in patients undergoing cardiac surgery. This was probably due to the concomitant treatment regime administered long enough before surgery to exert a beneficial effect. However, the cost of EPO, and the difficulty of implementing this regime makes it complicated to justify in our routine practice. Intravenous iron has been successfully used to treat acute anaemia in postpartum and orthopaedic surgery [13] , but not in cardiac surgery [13, 17, 21] . Intravenous iron sucrose has also been shown to safely increase Hb in patients with chronic heart failure [22] .
We did not find adverse effects in the group receiving intravenous iron supplementation, or increased infection rate, indicating that it is a safe therapy for use in the postoperative setting. This finding confirms those of other studies [23] .
Initially, intravenous iron increases ferritin, but this increase is transitory, as previously reported. The subsequent significant decrease is explained by the iron consumption necessary for erythropoiesis. In patients without iron supplementation, ferritin was lower than in those with supplementation. This is explained by the well-known state of functional iron deficiency induced by accelerated erythropoiesis associated with acute anaemia [7, 10] . The significant elevation in IRF observed in patients receiving intravenous iron compared with those who received placebo and oral supplementation reflects the erythropoiesis process [20] .
As reported by other authors, we observed a rapid increase in the RCs as from the first day after the injection of intravenous iron, which peaked on Day 5; parenteral iron may act by treating functional iron deficiency and/or by increasing endogenous EPO synthesis [18, 24, 25] .
We did not find differences between groups in the number of transfused patients or the number of blood units required per patient, as reported elsewhere [22] . As a result of these findings, iron supplementation no longer forms part of the postoperative treatment plan in our CPB patients.
Study limitations
As a limitation, the interval between iron administration and surgery was only 5-6 days, which may influence the magnitude of the effect of iron supplementation. But frequently, that waiting time is the bigger one to delay the main cardiosurgical procedures. In addition, assessment at 30 days may be premature from the point of view of long-term patient recovery, but our particular concern is early recovery from anaemia and reduced transfusion requirements. A 30-day period of iron (intravenous or specially oral treatment) supplementation could conceivably show more positive results. A new design may include a long preoperative period of receiving iron treatment.
There were more patients undergoing valve procedures than coronary procedures in the two treatment groups, where theoretically there could be more damage to red cells.
With respect to the power of this study, the sample size and the Hb levels at 1 month after discharge (showed in Table 2 ), to reach a power of 80% with a 95% confidence level (one-tailed), 247 patients per group would be needed to demonstrate a difference between Groups I and II; 128 patients per group to demonstrate a difference between Groups I and III and 2043 patients per group to demonstrate a difference between Groups II and III.
CONCLUSION
This study showed that postoperative intravenous iron administration offers excellent bioavailability as shown by significantly increased IRF and serum ferritin. However, it failed to show any beneficial effects on the correction of anaemia after cardiac surgery.
We found no reduction in blood transfusion requirements between the three groups.
The findings of the present study are consistent with those of other authors who found no evidence for the effectiveness of iron supplementation to correct anaemia after cardiac surgery. Although the findings of this study were negative, it presents important data that may help in the search for new and effective strategies to avoid anaemia and transfusions after open heart surgery.
Randomized studies with longer iron treatment time and/or larger doses before surgery, given by different pathways, are required to confirm the results of this study.
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